INTRODUCTION
The mathematical study of Euler-Poisson systems for plasmas has attracted a lot of attention in the mathematical literature since several years (see, e.g., [4, 5, [20] [21] [22] [23] [24] [25] ). In order to perform numerical simulations of the hyperbolic equations, a lot of computing power and special algorithms are needed [9, 12] . In some situations, however, the model equations can be approximated by simpler equations, like drift-diffusion models, in the sense that a small parameter appearing in the hyperbolic equations is set equal to zero. Considering a plasma composed of electrons and ions, the small parameters are, e.g., the electron mass ("zero-electron-mass limit") or the relaxation time ("zero-relaxation-time (2000) limit"). Therefore, letting the small parameters tend to zero we obtain a hierarchy of hydrodynamic and quasi-hydrodynamic plasma models.
We want to present this model hierarchy, make precise the connections between the corresponding systems, and prove rigorously the asymptotic limits as the small parameters tend to zero. In this paper we are concerned with the zero-electron-mass limit in the drift-diffusion equations and with the existence and uniqueness of solutions of the limit equations.
The zero-relaxation-time limits and the zero-electron-mass limit in the hydrodynamic equations will be proved in forthcoming publications [10, 17] .
We consider an unmagnetized plasma consisting of electrons with mass me and charge qe = -1 and of a single species of ions with mass mi i and charge qi = +1. Denoting by n e = n e (x , t ) , u e = ue(x, t) (respectively, n i , Ui) the scaled density and mean velocity of the electrons (respectively, ions) and t) the scaled electric potential, these variables satisfy the following scaled Euler-Poisson system (HD-EI):
where a = e, i and (x, t) E x (0, oo). This system is complemented by initial conditions for na and ua and by a boundary condition for . Here [4, 20, 22, 24] This zero-electron-mass limit will be proved rigorously in [10] . The existence of global weak entropy solutions to (1.5)-(1.7) is shown in [5, 23] Equations of this type are studied in [13, 16] . Furthermore, using the relaxation-time scaling (1.8) for a = i and r in Eq. (1.6) and letting r -0, we get the model (DD-I):
The rigorous proofs of these zero-relaxation-time limits will be presented in [17] .
This paper is devoted to the asymptotic limits 03B4e ~ 0 and Di -0 in the models (DD-EI) and (DD-I). The This equation can also be obtained from the system (DD-I) by letting (formally) Di -~ 0 in Eq. (1.11) . We observe that the one-dimensional equation (NPE) is studied in [25] . In particular, the existence and uniqueness of solutions have been shown. A summary of the above models and limits is presented in Fig. 1 where (ni, ~) E L °° ( Q T ) 2 solves the initial-boundary value problem ( 1.11 )-( 1.12), (2.4)-(2.6) , for n i and 03C6.
In the case, where this limit problem is uniquely solvable for instance, if pi (s) = s; see Section 5), the above convergence results hold for the whole sequence (n e , n s , ~s ) . The following lemma provides uniform a priori estimates for the solution of (DD-EI). Proof -It is shown in [16] that the condition (A4) implies the positivity of ne and n i in Q T . Therefore (4.16) gives Since the last integral is equal to and since the L°°-bounds for n£ and ~£ imply, by using (4.17), for some ci > 0 independent of c, we get the ~-independent estimate Here and in the following, c denotes a positive constant independent of c, with values varying from occurrence to occurrence. Therefore, we get from (4.18) and, employing Gronwall's lemma, we conclude (thanks to (A2')) and hemicontinuous (since pM is continuous and bounded), hence maximal monotone. Since (nS) is bounded in and in H 1 ( V * ) and the embedding ~~ V* is compact, we infer from Aubin's lemma [26] The strong convergence of n~ in L 2 ( V * ) and the weak convergence of 03C6ĩ n L 2 ( V ) give Therefore, together with the inequality which follows from the weak convergence of in L2 ( QT), we get
The convergence of the norms and the weak convergence imply the strong convergence, i.e., (4.22 ).
Now we can pass to the limit £ -~ 0 in the weak formulation of (4.16), using the weak convergences of nS to n and to pen) in and the strong convergence (4.22) , to conclude that (n, 03C6) solves (4.1)-(4.2). Furthermore, (n, 03C6) satisfies the boundary conditions (4.3)-(4.4) in the sense of (4.6), and n (0) = n 1 since n E T ] ; V * ) . a We end this section by proving some positivity results on n which are needed for the uniqueness result. We call (n, 03C6) a limit solution of (4.1 ) [1, 7, 8] ). We refer to [7] for related results for the degenerate case under special conditions (also see Remark
5.3).
We assume throughout this section that the conditions (Al), (A2')-(A4' ) hold. Proof - Let The existence of 03C8f ollows from standard parabolic theory [18] [6] .
